Objectives: Emergency department (ED) triage prioritizes patients based on urgency of care, and the Canadian Triage and Acuity Scale (CTAS) is the national standard. We describe the inter-rater agreement and manual overrides of nurses using a CTAS-compliant web-based triage tool (eTRIAGE) for 2 different intensities of staff training. Methods: This prospective study was conducted in an urban tertiary care ED. In phase 1, eTRIAGE was deployed after a 3-hour training course for 24 triage nurses who were asked to share this knowledge during regular triage shifts with colleagues who had not received training (n = 77). In phase 2, a targeted group of 8 triage nurses underwent further training with eTRIAGE. In each phase, patients were assessed first by the duty triage nurse and then by a blinded independent study nurse, both using eTRIAGE. Inter-rater agreement was calculated using kappa (weighted κ) statistics. Results: In phase 1, 569 patients were enrolled with 513 (90.2%) complete records; 577 patients were enrolled in phase 2 with 555 (96.2%) complete records. Inter-rater agreement during phase 1 was moderate (weighted κ = 0.55; 95% confidence interval [CI] 0.49-0.62); agreement improved in phase 2 (weighted κ = 0.65; 95% CI 0.60-0.70). Manual overrides of eTRIAGE scores were infrequent (approximately 10%) during both periods. Conclusions: Agreement between study nurses and duty triage nurses, both using eTRIAGE, was moderate to good, with a trend toward improvement with additional training. Triage overrides were infrequent. Continued attempts to refine the triage process and training appear warranted.
Introduction
In the emergency department (ED), patients are prioritized by triage staff for urgency based on a brief initial clinical assessment. The Canadian Triage and Acuity Scale (CTAS), a 5-level acuity scale (1 = Resuscitation, 2 = Emergent, 3 = Urgent, 4 = Semi-urgent, 5 = Nonurgent), is the nationally recognized ED triage standard in Canada. [1] [2] [3] Research has shown that CTAS is a valid measure based on admission rates 4 and prediction of ED resource use. 5, 6 One problem with traditional triage methods is their reliance on memory by the individual performing triage, which may be influenced by a lack of time, triage complexity and recall bias. Moreover, ED overcrowding and duties at the triage desk not related to triaging may distract triage nurses and interfere with the triage process, potentially affecting patient safety. 7 Memory enhancements (e.g., reminders, card prompts and electronic decision support tools, etc.) may improve triage reliability. Computerized triage tools are now able to display the key elements for each standard complaint to assist in the identification of the highest level acuity modifier(s) applicable to each patient, thus decreasing triage variability. [8] [9] [10] Information technology in the ED has become so important that Academic Emergency Medicine recently made it a consensus topic. 11 With the continuing evolution of software design, standardized decision support systems will likely become more common.
A Web-based triage decision support tool (eTRIAGE), compliant with CTAS, has been developed in Canada and is now employed in a number of EDs. The application eTRIAGE was designed to support the written CTAS guidelines and to support the autonomy of nursing clinical judgment. It requires the user to select from a standardized complaint set, 12 which then displays a complaint-specific CTAS-based template to assist with the assignment of the appropriate triage level. If the user's judgment differs from the eTRIAGE generated score, the user is permitted to override the computer score and provide an explanation (e.g., "impression of higher acuity," "pain score not equal to presentation," etc).
Previous research has demonstrated that eTRIAGE is easy to learn even for novice computer users, that it does not increase triage nurse assessment time and that it is widely accepted by triage nurses. 13 Moreover, triage nurses using eTRIAGE have higher agreement with a consensus standard than do nurses using memory-based triage. 10 The current study describes the implementation of eTRIAGE in a busy, urban Canadian tertiary care ED. The objective of this study was to determine the agreement between duty nurses and study nurses, both using eTRIAGE, the influence of enhanced software training on performance and the frequency of overrides by triage nurses in both training schemes.
Methods

Study population and setting
This study was conducted in a large Canadian, urban, tertiary care, teaching hospital with an annual volume of approximately 67 000 ED visits. CTAS was implemented without decision support in May 1996; eTRIAGE was deployed as the standard method of triage in July 2003.
avoir donné une formation de 3 heures à 24 infirmières préposées au triage à qui on a demandé de partager cette information, pendant leur quart régulier de triage, avec des collègues n'ayant pas reçu de formation (n = 77). Au cours de la phase 2, 8 infirmières préposées au triage ont suivi une formation plus poussée sur le système eTRIAGE. Au cours de chaque phase, les patients ont été évalués d'abord par l'infirmière responsable du triage et ensuite par une infirmière participante indépendante, à l'insu. Les deux ont utilisé le système eTRIAGE. On a calculé la convergence entre évaluateurs au moyen de statistiques kappa (κ pondéré). Résultats : Au cours de la phase 1, 569 patients ont été inscrits, dont 513 (90,2 %) avaient un dossier complet; 577 patients ont été inscrits à la phase 2, dont 555 (96,2 %) avaient un dossier complet. La concordance entre évaluateurs au cours de la phase 1 a été moyenne (κ pondéré = 0,55; intervalle de confiance [IC] à 95 %, 0,49-0,62); la concordance s'est améliorée au cours de la phase 2 (κ pondéré = 0,65; IC à 95 %, 0,60-0,70). Les dérogations manuelles dans le cas des résul-tats du système eTRIAGE étaient peu fréquentes (environ 10 %) au cours des deux périodes. Conclusions : La concordance entre les infirmières participantes et les infirmières chargées du triage, qui utilisaient toutes le système eTRIAGE, a varié de moyenne à bonne et on constate qu'elle a tendance à s'améliorer après une formation supplémentaire. Les dérogations manuelles ont été peu fréquentes. Le maintien des efforts visant à raffiner le processus de triage par la formation semble justifié.
Training approaches
The study department employed a total of 77 triage nurses. In phase 1, a 3-hour training course was provided to 24 (of the 77) triage nurses, who then shared their knowledge with their untrained triage colleagues during regular triage shifts. All triage staff members (77 nurses) were called the standard trained nurses (STNs). In phase 2, 8 volunteer emergency triage nurses (targeted triage nurses [TTNs]) were recruited to participate in further training and evaluation. Recruitment to this group was based on triage experience (median = 7 years; inter-quartile range [IQR]: 3, 12). Six of the TTNs were members of the initial 24 triage nurses trained in phase 1. In addition to the initial deployment training by the department, each TTN received an additional 3 hours of teaching on a training version of eTRIAGE.
Study evaluation
Two study nurses were employed to perform the second independent eTRIAGE assessment. They were trained to use eTRIAGE during a 3-hour training session identical to the TTNs; however, they were trained at a different time. In phase 1, study nurses were paired with STNs on afternoon and evening duty shifts over a 6-week period between October and November 2003. In phase 2, the study nurses were paired with TTNs during their triage shifts (each triage shift was 4 hours long) during afternoons and evenings over a 9-week period between April and June 2004. The time of day was chosen to maximize the number of patient observations per study shift.
Study protocol
All adult patients (≥ 17 years of age) presenting to the ED during a scheduled study-nurse shift were eligible for inclusion. For each phase, the volunteer duty triage nurse (STN in phase 1 or TTN in phase 2) assessed patients who presented during each study shift using eTRIAGE. The patients were then placed either in the waiting room or directed to the patient-care area, based on the triage score and ED volume. After verbal consent was obtained from the patient, the study nurse completed a second, independent assessment using eTRIAGE. This assessment took place in a separate triage area or at the bedside, and the nurse performing it was blinded to the initial assessment and CTAS score. If the patient was critically ill, consent was waived providing the study nurse did not interfere with patient care. In the study ED, the triage nurse or nurse supervisor routinely assigned critically ill patients directly to a bed.
Measurements
Each patient's vital signs and discriminating triage modifiers were entered in real time into the eTRIAGE database. Data from the STNs and TTNs were recorded in the ED's database and the study nurses' data were recorded in a separate database that did not appear on the patients' charts or influence patient care. The databases also captured the number of times the nurses elected to override the computer's assigned score.
Overrides
Whenever an STN, a TTN, or a study nurse assigned a different CTAS score than the one generated by eTRIAGE, this was recorded. The override rate and the "direction" of each override (to a higher or lower acuity CTAS score) were documented.
Data analysis
The primary outcome measure was a comparison of interrater reliability between triage score assignment by STNs and TTNs, compared with study nurses. The triage score used in the agreement calculations for each patient included all user overrides. Unweighted, linear weighted and quadratic weighted kappa statistics were calculated for each phase.
14 A priori, a comparison of the quadratic weighted kappas was the primary outcome for this study. Although some triage studies report unweighted kappa scores, 8, 15 most use weighted kappa. [16] [17] [18] [19] [20] [21] Unweighted kappa scores reflect only exact agreement, while weighted kappa take into account close agreement ("near misses") and the relative values of close agreement versus marked disagreement. Quadratic weighted kappa assigns greater relative credit to closer "near misses" than linear weighted kappa. Kappa agreement was defined a priori as excellent (κ ≥ 0.8), good (0.6 ≤ κ < 0.8), moderate (0.4 ≤ κ < 0.6), fair (0.2 ≤ κ < 0.4) or poor (κ < 0.2). 22 Override frequencies between STN and TTN, and the study nurse during phase 1 and phase 2 were compared using chi-squared tests. Statistical calculations were conducted with SPSS (SPSS Inc., 2006, Chicago, Ill.), and SAS (SAS Institue, 2005, Cary, NC) software packages.
Ethics
The study was approved by the Health Research Ethics Board at the University of Alberta. All patients were initially triaged by the duty triage nurse to avoid delays in care. All volunteer nurses provided written informed consent to participate in the study.
Results
Sample
In phase 1 of the study, 569 patients were triaged by both an STN and a study nurse. Incomplete data were obtained in 56 cases (41 were caused by a technical computer problem and 15 had missing triage forms), leaving 513 (90.2%) complete data pairs for comparison (Fig. 1) .
In phase 2 of the study, 577 patients were triaged by a TTN and a study nurse. Complete data were available for 555 (96.2%) patient encounters (Fig. 2) ; for 22 patients, the triage forms were missing. Table 1 illustrates the demographics, time of presentation and disposition of the patients in each phase.
Agreement
In phase 1, agreement between STNs and study nurses was moderate (quadratic weighted κ = 0.55, 95% confidence interval [CI] 0.49-0.62). In phase 2, agreement between TTNs and study nurses was good (quadratic weighted κ = 0.65; 95% CI 0.60-0.70). The unweighted and linear weighted kappa values are listed in Table 2 . Although the point estimate difference in agreement between the 2 phases improved, the CIs for these estimates overlapped. Table 3 illustrates the frequency and direction (to a higher or lower acuity CTAS score) of overrides by the duty triage nurses (STNs in phase 1 and TTNs in phase 2) and study nurses in each phase. The duty triage nurses did not significantly differ in overrides between phases, nor was there a difference in overrides by the study nurses between phases. Within each phase, the study nurses used the override function more frequently than the duty nurses (p < 0.01 in both phase 1 and phase 2). In each phase, the study nurses more often used the override function to lower the acuity score rather than to raise it (p < 0.01 in both phase 1 and phase 2). There was no statistical difference in the override direction for the duty nurses in either phase (p = 0.75 in phase 1, and p = 0.19 in phase 2). Table 4 lists the eTRIAGE complaints and their frequency of occurrence during the study by combining the phase 1 and 2 data sets. It also illustrates the frequency of overrides by duty nurses and study nurses.
Overrides
Discussion
This study describes 2 implementations of a computerized ED CTAS-based triage decision support tool, using differing educational strategies. Although CTAS had been used in the busy, urban, high-acuity study ED for more than 7 years, computerized triage was a new and unique approach designed to reduce variability and standardize triage. Initial training involved educating a proportion of the triage nurses, and then relying on them to share their knowledge with the remainder of the triage staff. For the second phase, a cohort of experienced triage nurses volunteered for additional targeted education. During this phase, in which only the targeted cohort with enhanced eTRIAGE education was studied, there was better agreement between the study nurses and triage nurses. Finally, the study explored the issue of triage overrides and found they decreased slightly with additional training, although the overall rate was low (less than 1 in 10).
The developers of CTAS 1 and Peds CTAS 23 and the CTAS National Working Group have consistently advocated that nurse judgment must be included in the final assignment of the triage score. It is conceivable that the changes introduced in the 2004 CTAS guidelines, 3 which were released following the completion of this study, may lower the need for nurses to override CTAS scores in systems using eTRIAGE.
The study nurses used the override function more often than the duty nurses. Moreover, most overrides by the study nurses were to a lower acuity CTAS score. A debriefing with the study nurses identified several possible reasons for this finding. For example, the duty nurses may have felt more "pressure" performing triage in an overcrowded ED and were less willing to expend time to perform an override; or the limited number of study nurses (2) in this study may have resulted in their feeling a greater expertise and comfort using eTRIAGE and more comfort in performing overrides. Further study focusing on user overrides to determine whether they are related to specific complaints, user bias or inconsistencies in CTAS would be useful in order to optimize eTRIAGE, education and guide future enhancements.
This was a prospective study conducted in real time in a busy ED environment. Previously, most triage agreement studies have been limited to simulated patient scenarios. 16, 17, 24 In simulated scenarios, the same "patient" data, including vital signs, are provided to both assessors. In this study, 2 different nurses independently assessed each patient within a short time period. As a result, the history was not scripted and the vital signs were not always the same, even between minimally separated assessments. Further, the sometimes chaotic activity of a real ED environment cannot be simulated in the case-based scenarios. While studies like ours are more complicated to perform and may produce different kappa scores compared with simulations, the real time implementation and testing we report is more generalizable to a real world triage environment.
In addition to eTRIAGE, several other computerized triage programs have been reported. Early work on a computerized triage system in a military setting demonstrated the ability to triage personnel to either an acute care clinic or an ED. 25 This system is not applicable to the vast majority of civilian settings and essentially uses a 2-level triage system (acute care clinic v. the ED). More recently, Grafstein and colleagues found high reliability with PC-linked triage, in which each presenting complaint was linked to one or more specific CTAS levels, thus directing the triage nurse toward the preferred triage levels for each complaint type. 8, 26 Using this approach, the study nurse performed the second triage while observing the duty nurse's triage assessment; they independently input their determination of the triage score into a computer. Although blinded to the duty nurse's triage score, the study nurse did not perform an independent assessment. This difference in study design may account for the difference in inter-rater agreement. Maningas and colleagues found excellent reliability among independent users of the Soterion Rapid Triage System, a complaint-driven, algorithm-based computerized triage system. 26 Currently, clinical applications of all major nationally recognized triage systems, including CTAS, the Australasian Triage Scale, 27 the Emergency Severity Index in the United States 19, 20 and the Manchester Triage Scale in the United Kingdom, 28 are based on training, memory and experience. In the current ED environment, triage nurses cannot be expected to refer to the paper version during actual clinical shifts or to accurately recall the entire contents from memory. This may lead to subjectivity and therefore inconsistency in the triage process. Decision support tools, such as electronic triage systems, are designed to assist those performing triage by displaying the modifiers for each complaint that define the criteria for each triage level. These tools are not intended to replace clinical judgment and should not be permitted to promote total dependence. The goal is to develop trustworthy tools that permit and even encourage overrides when indicated by clinical judgment. Moreover, these clinical overrides can be used to adjust the source reference used to develop the tool, in this case the CTAS guidelines. The principles of iterative feedback, clinical efficiency, end-user sensibility and implementer flexibility have ensured success of such computer information systems.
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Limitations
This study has several limitations. As the study took place in 1 centre, our results may only be generalizable to large urban Canadian tertiary-care EDs, serving predominantly inner-city populations. Performance in smaller and nonurban locations should be evaluated.
The observed improvement in agreement may partially be explained by increased experience with the software and the selection of motivated nurses. Phase 1 was conducted 4 months after the study ED started to use eTRIAGE in an effort to standardize the application of CTAS. If triage nurses only worked 1 or 2 triage shifts per week, each nurse may only have had up to 8 shifts to become proficient with the program. Phase 2 was conducted 10 months after eTRIAGE deployment. The increased experience with the system may have accounted for some of the improvement in agreement. Similarly, the increase in experience may explain the reduction in the number of manual overrides that the duty triage nurse exercised in phase 2.
In this study, the duty triage nurse (STN or TTN) performed the initial assessment using eTRIAGE. The study nurse performed an independent assessment using eTRIAGE after the duty nurse's assessment. For patient safety reasons, the duty triage nurse was ethically required to perform the initial assessment. Another method described in the literature is to have 2 nurses perform the triage assessment at the same time, blinded to each other's computer screens. Only 1 of the 2 nurses would be directing the assessment while the other nurse listened. 8 The method used in the current study involved an independent triage assessment by 2 users; however, it has the disadvantage of potentially obtaining different patient responses to each assessor. This may have contributed to a lower level of agreement. Other, non-triage studies, involving such topics as decision rules and physical examinations, have also used independent observers in sequential order. 30, 31 The sequence of triage assessments (duty nurse, then study nurse) in this study may have been a source of bias if the study nurse conducted the second triage assessment at the bedside or patient care area. If a patient was critically ill and immediately placed in a resuscitation bed by the duty nurse, the study nurse might have been biased to assign a higher acuity triage score. Similarly, patients who were assessed by the study nurse in a non-monitored area of a "fast track" area might have biased the study nurse to assign a lower acuity score. These factors may have contributed to a higher level of agreement.
This study evaluated 2 sets of duty triage nurses using eTRIAGE, each set having received 2 different training regimens. The training regimen in phase 1 was inconsistent, because two-thirds of the nurses received no formal training on the application and were forced to learn on the job, whereas all the nurses in phase 2 were trained and comfortable with the application before study data was collected. The amount and type of training and optimum nursing or triage experience required to efficiently use eTRIAGE have not been determined. As emergency departments implement more clinical computer applications, the need for research in this area will take on greater urgency.
Conclusions
This study evaluated the implementation of a Web-based triage decision support tool using complaint-based templates derived from CTAS. Agreement between study nurses and duty triage nurses, both using eTRIAGE, was moderate to good, with a trend toward improvement with additional training. Triage overrides occurred in approximately 10% of cases, and study nurses tended to "downtriage" patients more often than duty nurses. Efforts to improve the triage process and identify optimal training and skill retention warrant further research.
